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Specification 

Title of the Invention 

[0001] Scanning Optical System 

Background of the Invention 

[0002] The present invention relates to a scanning 
optical system which is employed in, for example, a laser 
beam printer. 

[0003] In a scanning optical system for a laser beam 
printer, a laser beam emitted by a laser diode is deflected 
by a polygonal mirror having a plurality of reflective 
surfaces to scan within a predetermined angular range. The 
scanning beam passes through an imaging optical system 
which converges the deflected laser beam to form a scanning 
beam spot onto a surface to be scanned such as a 
photoconductive surface. As the polygonal mirror rotates, 
the beam spot moves on the photoconductive surface. By 
ON/OFF modulating the beam spot as it moves, an 
electrostatic latent image is formed on the photoconductive 
surface . 

[0004] One of important items to be considered in 
designing the scanning optical system is to prevent 
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occurrence of ghost images on the photoconductive surface. 
For example, such a ghost image is caused by undesired 
reflections on surfaces of lenses of the imaging optical 
system. 

[0005] More specifically, when a beam impinges on a 
surface of a lens provided in the imaging optical system, a 
potion of the beam (i.e., an undesired beam) is reflected 
by the surface of the lens and proceeds back to the 
polygonal mirror along a direction which is defined by a 
shape of the surface of the lens and an incident angle of 
the beam with respect to the surface of the lens. If the 
undesired beam is incident on the polygonal mirror, the 
undesired beam is reflected again by the polygonal mirror. 
[0006] In a case where the undesired beam proceeds back 
to the polygonal mirror, if the undesired beam impinges on 
one of the reflective surfaces reflecting (i.e., 
deflecting) the laser beam from the light source (hereafter 
the one of the surface is referred to as a reflective 
surface A) , the undesired beam reflected by the surface A 
may impinge on the photoconductive surface. However, in 
this case, the undesired beam scans on the photoconductive 
surface at a speed substantially the same as a scanning 
speed of a normal beam spot. In addition, intensity of the 
undesired beam is sufficiently low. Accordingly, the 
undesired beam reflected by the reflective surface A does 
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not cause a problem of ghost images. 

[0007] On the contrary, if the undesired beam impinges 
on another reflective surface (i.e., a reflective surface 
which is not reflecting the laser beam from the light 
source), the undesired beam may scan on the photoconductive 
surface at a relatively low speed. In this case, depending 
on a shape of the lens surface in the main scanning 
direction, the undesired beam may remain at substantially 
the same position on the photoconductive surface. If such a 
phenomenon occurs, ghost images appears on the 
photoconductive surface, and therefore imaging quality 
deteriorates . 

[0008] If reflectivity of each of surfaces of lenses in 
the imaging optical system is zero, ghost images can be 
removed completely. However, in order to lower the 
reflectivity of the surface of the lens, a greater number 
of layers of coating are required. This increases 
manufacturing cost of the lens. It should be appreciated 
that to lower the reflectivity of the surface of the lens 
to completely zero is impossible. Therefore, it is 
impossible to remove the ghost images completely by using 
an antiref lective coating. 

[0009] In addition, in many cases, plastic lenses having 
aspherical surfaces are employed in the imaging optical 
system so as to reduce manufacturing cost of the scanning 
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optical system. However, the plastic lens has a 
disadvantage in adhesiveness between the layers of coating 
and a surface of the plastic lens in comparison with glass 
lenses . 

Summary of the Invention 

[0010] The present invention is advantageous in that it 
provides a scanning optical system which is configured to 
completely remove ghost images on a surface to be scanned 
and to reduce manufacturing cost thereof. 

[0011] According to an aspect of the invention, there is 
provided a scanning optical system for emitting at least 
one beam scanning in a main scanning direction, which is 
provided with a light source that emits the at least one 
beam, a polygonal mirror that rotates and deflects the at 
least one beam to scan in the main scanning direction, and 
an imaging optical system that converges the at least one 
beam deflected by the polygonal mirror to form at least one 
beam spot on a surface to be scanned, the at least one beam 
spot scanning in the main scanning direction on the surface 
to be scanned. 

[0012] In the above configuration, the at least one beam 
Incident on the polygonal mirror is inclined in an 
auxiliary scanning direction which is perpendicular to the 
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main scanning direction. Further, at least one lens surface 
of the imaging optical system is configured such that a 
beam reflected therefrom is not incident on reflective 
surfaces of the polygonal mirror. 

[0013] With this configuration, since the beam (i.e., an 
undeslred beam) reflected from the at least one lens 
surface does not Impinge on the reflection surface of the 
polygonal mirror, occurrence of ghost images is prevented. 
[0014] Optionally, the imaging optical system may 
include a lens having the at least one lens surface, the 
lens being positioned such that an optical axis of the lens 
is perpendicular to a rotational axis of the polygonal 
mirror . 

[0015] Still optionally, a position at which the at 
least one beam emitted by the light source impinges on the 
polygonal mirror may substantially coincide with an 
intersection of the polygonal mirror and the optical axis 
of the lens. 

[0016] Still optionally, the intersection may 
substantially coincide with a center position of a 
reflective surface of the polygonal mirror in a direction 
of the rotational axis of the polygonal mirror. 
[0017] In a particular case, the imaging optical system 
may Include a lens having the at least one lens surface, 
the lens being made of plastic. 
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[0018] in a particular case, the Imaging optical system 
may include a lens having the at least one lens surface, 
the at least one lens surface being symmetrical with 
respect to an optical axis of the lens in the auxiliary 
scanning direction. 

[0019] in a particular case, the imaging optical system 
may include a lens having the at least one lens surface, 
and the lens may face the polygonal mirror. In this 
configuration, the lens and the polygonal mirror are 
configured so as to satisfy a condition: 

H/2 < |2PD(D-R Z i)/Rzi| """ (1) 

where H represents a thickness of the polygonal mirror in 
the auxiliary scanning direction, P represents an incident 
angle of the at least one beam with respect to a reflective 
surface of the polygonal mirror in the auxiliary scanning 
direction, D represents a distance between the reflective 
surface of the polygonal mirror and the lens, and R zl 
represents a radius of curvature of the at least one lens 
surface of the lens in the auxiliary scanning direction. 
[0020] Optionally, the imaging optical system may 
include a lens having the at least one lens surface, and an 
other surface of the lens may be configured such that a 
beam reflected therefrom proceeds toward an outside region 
of the polygonal mirror. 

[0021] Still optionally, the lens may face the polygonal 
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mirror, and the lens and the polygonal mirror may be 
configured so as to satisfy a condition: 
H/2 < |PD(D-L 2 )/L Z | 

L z =R Z iRz2D/ ( 2NR Z1 D- 2 ( N- 1 ) R Z 2D-R Z iR Z 2 ) 

(2) 

where H represents a thickness of the polygonal mirror in 
the auxiliary scanning direction, 0 represents an incident 
angle of the at least one beam with respect to a reflective 
surface of the polygonal mirror in the auxiliary scanning 
direction, D represents a distance between the reflective 
surface of the polygonal mirror and the lens, R 2 i 
represents a radius of curvature of the at least one lens 
surface of the lens in the auxiliary scanning direction, 
R 22 represents a radius of curvature of the other lens 
surface of the lens in the auxiliary scanning direction, 
and N represents a refractive index of the lens at a design 
wavelength . 

[0022] In a particular case, the beam reflected by the 
at least one lens surface may proceed above a top surface 
of the polygonal mirror, 

[0023] Alternatively, the beam reflected by the at least 
one lens surface may proceed below a bottom surface of the 
polygonal mirror. 

[0024] Optionally, the imaging optical system may have a 
scanning lens, and a compensation lens provided on the 
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surface to be scanned side with respect to the scanning 
lens, the compensation lens compensating for curvature of 
field. In this configuration, the scanning lens has the at 
least one lens surface, at least one surface of the 
scanning lens is formed to be an anamorphic aspherical 
surface, and at least one surface of the compensation lens 
is formed to be an aspherical surface defined by a two- 
dimensional polynomial expression. 

[0025] Still optionally, the at least one lens surface 
of the scanning lens may be symmetrical with respect to an 
optical axis of the scanning lens in the auxiliary scanning 
direction . 

[0026] Optionally, one surface of the scanning lens may 
be formed to be an anamorphic aspherical surface, and an 
other surface of the scanning lens may be formed to be a 
toric surface. 

[0027] Optionally, the at least one beam may include a 
plurality of beams. In this case, the polygonal mirror 
deflects the plurality of beams to scan in the main 
scanning direction, and the imaging optical system 
converges the plurality of beams deflected by the polygonal 
mirror to form a plurality of beam spots on respective 
surfaces to be scanned, the plurality of beam spots 
scanning in the main scanning direction on the respective 
surfaces to be scanned. Further, the plurality of beams 
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incident on the polygonal mirror are inclined in the 
auxiliary scanning direction. 

[0028] Still optionally, the imaging optical system may 
have a scanning lens, and a plurality of compensation 
lenses provided on the surfaces to be scanned side with 
respect to the scanning lens, eacli of the compensation 
lenses compensating for curvature of field. In this case, 
the plurality of beams deflected by the polygonal mirror 
pass through the scanning lens, and the plurality of beams 
emerged from the scanning lens pass through the plurality 
of the compensation lenses, respectively. 

[0029] Still optionally, optical paths of the plurality 
of beams between the polygonal mirror and the scanning lens 
may be symmetrical with respect to an optical axis of the 
scanning lens . 

Brief Description of the Accompanying Drawings 

[0030] Fig.l is a developed view of a scanning optical 
system according to a first embodiment of the invention 
viewed along a line parallel with a rotational axis of a 
polygonal mirror; 

[0031] Fig. 2 is a side view of the scanning optical 
system shown in Fig. 1 on a photoconductive drum side; 
[0032] Fig. 3 is a side view of the scanning optical 
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system shown in Fig. 1 illustrating optical paths of 
undesired beams; 

[0033] Fig. 4 is a developed view of a scanning optical 
system according to a first example viewed along the 
rotational axis of the polygonal mirror; 
[0034] Fig. 5 is a developed view of the scanning 
optical system shown in Fig. 4 viewed from a line parallel 
with the main scanning direction; 

[0035] Fig. 6 is a developed view of a scanning optical 

system according to a second example viewed along the 

rotational axis of the polygonal mirror; 

[0036] Fig. 7 is a developed view of the scanning 

optical system shown in Fig. 6 according to the second 

example view from a line parallel with the main scanning 

direction; 

[0037] Fig. 8 is a developed view of a scanning optical 
system according to a third example viewed along the 
rotational axis of the polygonal mirror; 
[0038] Fig. 9 is a developed view of the scanning 
optical system shown in Fig. 8 viewed from a line parallel 
with the main scanning direction; 

[0039] Fig. 10 is a side view of a scanning optical 
system according to a third embodiment illustrating optical 
paths of undesired beams; 

[0040] Fig. 11 is a developed view of a scanning optical 
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system according to a fourth example viewed along the 
rotational axis of the polygonal mirror; 
[0041] Fig. 12 is a developed view of the scanning 
optical system shown in Fig. 11 viewed from a line parallel 
with the main scanning direction; 

[0042] Fig. 13 is a developed view of a scanning optical 
system according to a fifth example viewed along the 
rotational axis of the polygonal mirror; 
[0043] Fig. 14 is a developed view of the scanning 
optical system shown in Fig. 13 viewed from a line parallel 
with the main scanning direction; 

[0044] Fig. 15 is a developed view of a scanning optical 
system according to a first comparison example viewed along 
the rotational axis of the polygonal mirror; 
[0045] Fig. 16 is a developed view of the scanning 
optical system shown in Fig. 15 viewed from a line parallel 
with the main scanning direction; 

[0046] Fig. 17 is a developed view of a scanning optical 
system according to a second comparison example viewed 
along the rotational axis of the polygonal mirror; 
[0047] Fig. 18 is a developed view of the scanning 
optical system shown in Fig. 17 viewed from a line parallel 
with the main scanning direction; 

Detailed Description of the Embodiments 
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10048] Hereinafter, embodiments according to the 
invention are described with reference to the accompanying 
drawings . 

FIRST EMBODIMENT 

[0049] A configuration of a so-called tandem type 
scanning optical system 10 according to a first embodiment 
of the invention will be described with reference to Figs. 
1 and 2. Fig.l is a developed view of the scanning optical 
system 10 viewed along a line parallel with a rotational 
axis 13a of a polygonal mirror 13. Fig. 2 is a side view of 
the scanning optical system 10 on a photoconductive drum 
side. Although the scanning optical system 10 includes four 
sets of mirrors 23 and 24. and compensation lenses 22 so as 
to make color images on a sheet. Fig. 1 shows one of the 
sets for the sake of simplicity. A surface S to be scanned 
in Fig. 1 corresponds to a photoconductive drum 60. 
t0 050] As shown in Fig.l. the scanning optical system 

10 includes a light source unit 11 which emits four laser 
beams, a cylindrical lens 12. a polygonal mirror 13, and an 
f9 lens 20. 

[0051] Hereinafter, a direction, on a surface S to be 
scanned, in which a beam spot moves as the polygonal mirror 
13 rotates is referred to as a main scanning direction, and 
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a direction perpendicular to the main scanning direction, 
on the surface S, is referred to as an auxiliary scanning 
direction . 

[0052] The light source unit 11 includes four laser 
diodes, and four collimator lenses (not shown) which 
collimate divergent beams emitted by the laser diodes, 
respectively. Each of beams collimated by the collimator 
lens is converged by a cylindrical lens 12 which has a 
positive power only in the auxiliary scanning direction. 
[0053] Further, the beams emerged from the cylindrical 
lens 12 are incident on substantially the same position on 
a reflective surface of the polygonal mirror 13. Due to the 
refraction power of the cylindrical lens 12, a line-like 
image, which extends in the main scanning direction, is 
formed on a plane closely adjacent to the reflective 
surface of the polygonal mirror 20. 

[0054] Incident angles of four laser beams in the 
auxiliary scanning direction with respect to the polygonal 
mirror 13 are different from each other. The four beams 
intersect with each other substantially at the same 
position on the reflective surface of the polygonal mirror 
13. Therefore, the width of the polygonal mirror 13 can be 
reduced. 

[0055] As shown in Fig. 2, the four beams emitted by the 
light source unit 11 are simultaneously deflected by the 
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polygonal mirror 13 rotating about its rotational axis 13a. 
[0056] The light source unit 11 is arranged such that 
laser beams emitted by the light source unit 11 are 
incident on the polygonal mirror 13 from the outside of a 
predetermined scanning range within which each laser beam 
is deflected by the polygonal mirror 13. Optical paths of 
the laser beams between the polygonal mirror 13 and a 
scanning lens 21 of the f9 lens 20 are different from each 
other, and are symmetrical in the auxiliary scanning 
direction with respect to an optical axis PI of the 
scanning lens 21. 

[0057] Each of the laser beams emerged from the scanning 
lens 21 is reflected by a pair of mirrors 23 and 24, and 
passes through the corresponding compensation lens 22. Then, 
each beam is converged onto the corresponding 
photoconductive drum 60 to form a scanning beam spot. With 
the above configuration, when the polygonal mirror 13 
rotates about the rotational axis 13a, scanning lines are 
formed on the four photoconductive drums 60, respectively. 
[0058] The scanning optical system 10 is employed, for 
example, in a color laser beam printer which forms color 
images by printing black, cyan, yellow and magenta images 
on a sheet in an overlaid fashion. In the scanning optical 
system 10, the four sets of the plurality of compensation 
lenses 22 and the plurality of photoconductive drums 60 
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correspond to black, cyan, yellow and magenta components, 
respectively. 

[0059] AS described abcve, each beam reflected from the 
reflective surface of the polygonal mirror 13 proceeds 
toward the f0 lens 20 as a divergent beam, and then is 
converged by the f6 lens 20 onto the surface S. Therefore, 
the reflective surface of the polygonal mirror 13 and the 
surface S are conjugate surfaces, which prevents 
occurrences of deviation of a scanning line from a 
predetermined position caused by a tilt error of the 
reflective surfaces of the polygonal mirror 13. 
[0060] AS shown Fig. 1. the f6 lens 20 includes the 
scanning lens 21 and the compensation lens 22 which is 
located on the photoconductive drum side. The scanning lens 
21 has power mainly in the main scanning direction. The 
compensation lens 22 has power mainly in the auxiliary 
scanning direction and is configured to compensate for 
curvature of field and an f8 error. 
[0061] The optical axis of the scanning lens 21 
coincides with a optical path of the beam impinges on the 
surface at a center position of a scanning line (i.e., an 
image height of zero). Further, the optical axis of the 
scanning lens is perpendicular to the rotational axis 13a 
of the polygonal mirror. 

[0062] A position C at which the beam emitted by the 
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light source impinges on the polygonal mirror substantially 
coincides with an intersection of the polygonal mirror and 
the optical axis PI of the scanning lens 21 (see Fig. 2). 
The intersection substantially coincides with a center 
position in a direction of the rotational axis of the 
polygonal mirror. 

[0063] Hereinafter, an average position at which the 
beams from the light source unit 11 impinge on the 
reflection surface of the polygonal mirror is referred to 
as a deflection point. 

[0064] Hereinafter, a plane which is perpendicular to 
the rotational axis 13a of the polygonal mirror 13 and 
includes the optical axis of the scanning lens 21 is 
referred to as a main scanning plane. Further, a plane 
which is parallel with the rotational axis 13a of the 
polygonal mirror 13 and includes the optical axis of the 
scanning lens 21 is referred to as an auxiliary scanning 
plane. When a lens surface is not a rotationally 
symmetrical surface, an optical axis of the lens surface 
corresponds to an axis passing through an origin point of 
the lens surface (i.e.. a reference point) used for 
mathematically defining the lens surface. 

[0065] As shown in Fig. 2. each of the four laser beams 
deflected by the polygonal mirror 13 is reflected by the 
pair of mirrors 23 and 24. It should be noted that optical 
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components shown in Fig. 2 are arranged so that optical 
path lengths of the four laser beams between the polygonal 
mirror 13 and the phot ©conductive drum 60 are equal to each 
other. With this structure, the scanning optical system 10 
can be downsized. Also, optical path lengths between the 
compensation lenses 22 and the respective photoconductlve 
drums 60 are equal to each other. 

[0066] Next, a configuration to remove ghost images 
according to the first embodiment will be described in 
detail with reference to Fig. 3 which is a side view of the 
scanning optical system 10 illustrating optical paths of 
undesired beams. As shown in Fig. 3, the laser beam 
reflected by the reflective surface of the polygonal mirror 
13 is obliquely incident on the scanning lens 21 in the 
auxiliary scanning direction. 

[0067] It is appreciated that by selecting appropriate 
values as to a distance D between the reflective surface of 
the polygonal mirror 13 and the scanning lens 21, an 
incident angle j3 which the beam impinging on the reflective 
surface of the polygonal mirror 13 forms with respect to 
the optical axis of the scanning lens 21 in the auxiliary 
scanning direction, and a radius of curvature R„ of a 
surface 21a (a polygonal mirror side surface) of the 
scanning lens 21, it is possible to direct an undesired 
beam reflected from the surface 21a to pass above a top 
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surface of the polygonal mirror 13. That is. it is possible 
to direct the undesired beam so as not to impinge on the 
reflective surface of the polygonal mirror. 
I0 068] More specifically, the scanning optical system 10 
according to the first embodiment is configured to satisfy 
a condition: 

H/2 < 2pD(D-Rai)/Rzi (3) 
where H represents the thickness of the polygonal 

mirror 13 (i.e., a size of the polygonal mirror 13 in the 

auxiliary scanning direction) . 

[0069] Hereafter, a concrete example which satisfies the 
above condition (3) will be described in detail. 

(FIRST EXAMPLE) 

[0070] Fig. 4 is a developed view of a scanning optical 
system 101 according to a first example viewed along the 
rotational axis 13a of the polygonal mirror 13. Fig. 5 is a 
developed view of the scanning optical system 101 viewed 
from a line parallel with the main scanning direction. It 
should be noted that in each of Figs. 4 and 5. only an 
optical path of the undesired beam reflected from a surface 
121a of the scanning lens 121 is indicated and optical 
paths of normal beams which are not reflected by surfaces 
of the scanning lens 121 are omitted for the sake of 
simplicity. 
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[0071] in the first example, a total focal length of a 
f8 lens 120 is 235 mm, a scanning width is 216 mm, and a 
design wavelength is 780 nm. The thickness H of the 
polygonal mirror 13 is 3.0 mm, a deflection angle a which 
the beam impinging on the polygonal mirror forms with 
respect to the optical axis of the scanning lens 121 in the 
main scanning direction is 75°. The incident angle P with 
respect to the reflective surface of the polygonal mirror 
13 in the auxiliary scanning direction is 2.83° (=0.0494 
radian) . 

[0072] TABLE 1 indicates a numerical structure of the 
scanning optical system 101 from a light incident side of 
the cylindrical lens 12 to the surface S. It should be 
noted that the numerical structure shown in TABLE 1 
represents a structure with regard to a paraxial ray. 
Although an optical axis of a compensation lens 122 shifts 
from the optical axis of the scanning lens 21, in TABLE 1 a 

structure regarding a paraxial ray of the compensation lens 

122 is indicated. 

[0073] in TABLE 1, Ry denotes a radius (unit: mm) of 
curvature in the main scanning direction. Rz denotes a 
radius (unit: mm) of curvature in the auxiliary scanning 
direction (If a surface is rotationally symmetrical, no 
value is indicated) . With regard to the radii of curvature 
Ry and Rz in TABLE 1, a minus sign is assigned when a 
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center of the radius of curvature is positioned on the 
light source side with respect to an intersection point of 
the corresponding lens surface and the optical axis, and a 
plus sign is assigned when the center of the radius of 
curvature is positioned on the photoconductlve drum side 
with respect to the intersection point. 

[007.1 Further, d denotes a distance (unit, mm, between 
adjacent surfaces on the optical axis. N denotes a 
refractive index at a design wavelength of 780 nm. and DECZ 
denotes a decentering amount (unit-, mm) of each surface 
when the scanning optical system 110 is developed. DECS is 
assigned a plus sign when the optical axis shifts toward an 
upper side in Fig. 3. and is assigned a minus sign when the 
optical axis shifts toward lower side in Fig. 5. 
[00751 TABLE 1 

focal length - 235 mm . scanning width = 216 mm 
design wavelength = 780 nm 
angle a=75° , angle 0=2.83 

d 

4.00 
97.00 
54.00 
10.00 
-100.00 140.00 



Surface 


Ry 


#1 


00 


#2 


oo 


#3 


00 


#4 


-184.70 


#5 


-70.53 


#6 


-850.00 


#7 


-1800.00 


#8 


00 




6.00 
91.00 



1.48617 
1.48617 



9.00 
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I00761 I. TABLE 1. surfaces #1 and #2 presents 
surfaces of t h e cylindrical lens 12. surface #3 Is the 
r eflectlve surface cf tne polygonal .nirror 13. surfaces 

. w „ n1 surfaces #6 and #7 
and #5 represent the scanning lens 121. 

flt1on lens 122. Surface #13 represents 
represent the compensation lens 

the surface S to be scanned. 

[0077] A s can he seen from TABLE 1, a front surface (#1) 
of the cylindrical lens 12 is a cylindrical surface, and a 
baC K surface (#2) of the cylindrical surface is a plane 
surface. 

*™ 121b of the scanning lens 121 vt^ 
[0078] A hack surface 121b or t. 

is an anamorphic aspherical surface. 

. aT .,. al surface is defined by 
t0079l The anamorphic aspherical surra 

the following equations. 



<l/Rv)Y 2 + am x Y + AM 2 Y 2 + AM 3 Y>+ AM 4 Y 4 + 

AM S Y 5 +AM 6 Y 6 +AM-JY 1 +AM t Y*- 



(4) 



UW-URz+ASS+ASr + AS 3 Y> + AS<Y< +AS 5 Y> + 



■ (5) 
function 



wh ere. X«> is a SAG amount which Is obtained as a 
o£ a .oordinate V extendi In the W aln scannln, direction. 
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The SAG amount X(Y) represents a distance between a plane 
tangential to the anamorphic aspherical surface at the 
optical axis and a point on a curved line extending along 
the anamorphic aspherical surface in the main scanning 
direction and passing the optical axis thereof. Further. 
l/Rz(Y) represents a curvature of an arc extending in the 
auxiliary scanning direction, the arc is intersecting the 
curved line at the point whose coordinate is Y. 1/Rz 
represents a curvature of the anamorphic aspherical surface 
in the auxiliary scanning direction at the optical axis, k 
represents a conical coefficient, and AM n is an aspherical 
coefficient of »* order. AS n is an aspherical coefficient 
of n- order for determining the curvature in the auxiliary 
scanning direction. 

I0 080] Values of the coefficients AM„ and AS n defining 
the back surface 121b (#5) of the scanning lens 121 of the 
first example are indicated in TABLE 2. 
[0081] TABLE 2 

surface #5 (anamorphic aspherical surface) 

K=0.00E+00 

AM 1= 0.00E+00 AS X = 8.16E-06 

AM 2 = 0.00E+0O AS 2 = 5.73E-07 

AM 3 = 0.00E+00 AS 3 = -1.80B-08 

AM 4 = 1.24E-07 AS 4 = -7.26E-09 

AM 5 = 0.00E+00 AS 5 = 5.25E-11 

AM 6 = -9.74E-12 AS 6 = 1.02E-11 

AM 7 = 0.00E+00 AS 7 = -3.63E-14 

AMs- 6.78E-15 AS 8 = -5.24E-15 
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,„.,, A front surface 122a of the condensation lens 1,2 
is an asperical surface defined hy a two-di»ension,l 
polynomial expression. 

[ooe3 ] The aspherlcal surface defined oy a two- 
dim enslonal polynomial expression is expressed by: 



•••(6) 



W here. «..« « * SAG amount which Is defined hy 
^ordinate axes corresponding to the main scanning 
action <y axis, and the auxiiiary scanning direction (. 

X<y.„ is a distance hetween a point „.., on the 
spherical surface and a piane tangential to the aspherlcal 

sur face at a center position (an origin point, thereof. 

1/Ry represents a curvature in the main scanning direction 

at the center position. K represents a conical coefficient. 

B_ t , an aspherlcal coefficient «. is an order as to 

/->t-h«t~ as to the auxiliary 

mai n scanning direction, n is an order 

scanning direction). 

t „0„, values of the coefficients defining the front 
surface 122a (#6, of the compensation lens 122 are 
indicated in TABLE 3. 
[0085] TABLE 3 

surface #6 



B„ 

m=0 



n=0 



n=l 



n=2 
1.589E-02 



n=3 

-3.156E- 



n=4 



-1.767E-06 
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m=4 
m=6 



5.456E-08 
6.314E-13 



■2.099E-10 
2.856E-14 



- 3.131E-12 
8.370E-16 




-1.216E- 
16 



O.OOOE+OO 



[00861 Values of coefficients of the first example 
defining the condition (3) are indicated below. 
H=3 . 00mm 
P=0.0494 radian 
D=-54.0mm 
r z1 =- 184. 70mm 
in this case. H/2 (-1.5) < 2pD(D-R zl ) /R,i (=3.78). 
Accordingly, the first example satisfies the condition (3). 
[0 087] Since the first example satisfies the condition 
(3), the undesired beam reflected from the front surface 
121a of the scanning lens 121 does not impinge on the 
reflective surface of the polygonal mirror 13. Therefore, 
according to the first example, occurrence of a phenomenon 
in which the undesired beam proceeds toward the surface S 
passing through the scanning lens 121 after reflection from 
the reflective surface of the polygonal mirror 13 is 
prevented. Accordingly, occurrence of ghost images on the 
surface S to be scanned is prevented. 

[00 88J Further, according to the first example, the bacK 
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surface 121b of the scanning lens 121 is formed to be the 
anamorphic aspherical surface, and the front surface 122a 
of the compensation lens 122 is formed to be the aspherical 
surface defined by the two-dimensional polynomial 
expression. Accordingly, it is possible to compensate for a 
bow which occurs if the beam incident on the polygonal 
mirror is inclined with respect the main scanning plane. 

SECOND EMBODIMENT 

10089] A scanning optical system according to a second 
embodiment of the invention will be described. Since an 
arrangement of optical components of the second embedment 
is substantially the same as the first embodiment, a 
configuration of the scanning optical system of the second 
embodiment is described with reference to Figs. 1 and 2. 
The feature of the second embodiment is that both of the 
front surface 21a and the back surface 21b of the scanning 
lens 21 are configured to prevent occurrence of ghost 
images. A Detailed explanation "of the components which do 
not relate to a configuration to prevent occurrence of 
ghost images is not repeated. 

t 0090] Next, the configuration to prevent occurrence of 
ghost images according to the second embodiment will be 
described with reference to Fig. 3. As shown in Fig. 3, 
each of the laser beams reflected by the reflective surface 
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of the polygonal mirror 13 is obliquely incident on the 
scanning lens 21 in the auxiliary scanning direction. It is 
appreciated that by selecting appropriate values as to the 
distance D between the reflective surface of the polygonal 
mirror 13 and the scanning lens 21. the incident angle f» 
which the beam impinging on the reflective surface of the 
polygonal mirror 13 forms with respect to the optical axis 
of the scanning lens 21 in the auxiliary scanning direction, 
and radii of curvature R zl of the front surface 21a and R z2 
of the back surface 21b of the scanning lens 21, it is 
possible to direct undesired beams reflected from the 
surface 21a and the surface 21b to pass above the top 
surface of the polygonal mirror 13. That is, it is possible 
to direct the undesired beams so as not to impinge on the 
reflective surface of the polygonal mirror. 
t 0091] More specifically, the scanning optical system 10 
according to the second embodiment is configured to satisfy 
a condition: 

H/2 < 2PD(D-L Z )/L Z 

L Z =R zl R z2 D/(2NRziD-2(N-l)R Z2 D-R Z iRz2) < 7) 
where all coefficients have the same meanings as the first 
embodiment. R Z2 represents a radius of curvature of the 
back surface 21b of the scanning lens 21. N represents a 
refractive index of the scanning lens 21 at the design 
wavelength. 
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[0092] Hereafter, two concrete examples (a second 
example and a third example) which satisfy the above 
condition (7) will be described in detail. 

(SECOND EXAMPLE) 

[0093] Fig. 6 is a developed view of a scanning optical 
system 102 according to the second example viewed along the 
rotational axis 13a of the polygonal mirror 13. Fig. 7 is a 
developed view of the scanning optical system 102 according 
to the second example view from a line parallel with the 
main scanning direction. It should be noted that in each of 
Figs. 6 and 7, only optical paths of an undesired beam 
reflected from the back surface 221b of the scanning lens 
221 is indicated and optical paths of normal beams which 
are not reflected by surfaces of the scanning lens 221 are 
omitted for the sake of simplicity. 

[0094] In the second example, a total focal length of an 
f0 lens 220 is 200 mm, a scanning width is 216 mm, and a 
design wavelength is 780 nm. The thickness H of the 
polygonal mirror 13 is 4.0 mm, a deflection angle a which 
the beam impinging on the polygonal mirror 13 forms with 
respect to the optical axis of the scanning lens 221 in the 
main scanning direction is 65°. The incident angle p with 
respect to the reflective surface of the polygonal mirror 
13 in the auxiliary scanning direction is 3.54° (=0.0617 
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radian) . 

[Q095] TABLE 4 indicates a numerical structure of the 
scanning optical system 102 according to the second example 
from the light incident side of the cylindrical lens 12 to 
the photoconductive drum. Symbols in the TABLE 4 have the 
same meanings as those of the TABLE 1. 
[0096] TABLE 4 

focal length = 200 mm , scanning width = 216 mm 

design wavelength = 780 nm 

angle a=65° , angle (5=3.54° 

Surface Ry Rz d N(780nm) DECZ 

#1 

#2 oo 
#3 oo 
#4 -185.60 
#5 -63.79 
#6 -958.42 
#7 -1800.00 
#8 oo 

[0097] As can be seen from TABLE 4, a front surface (#1) 
of the cylindrical lens 12 is a cylindrical surface, and a 
back surface (#2) of the cylindrical surface is a plane 
surface. The front surface 221a (#4) of the scanning lens 

221 and the back surface 222b (#7) of the compensation lens 

222 are rotationally symmetrical surfaces. 

[0098] A back surface 221b of the scanning lens 221 (#5) 
is an anamorphic aspherical surface defined by the 



+51.08 4.00 1.51072 
97.00 
45.42 

10.00 1.48617 
-300.00 113.11 

7.00 1.48617 11.00 
82.61 
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equations (4) and (5). Values of the coefficients AM n and 
AS„ to define the back surface (#5) of the scanning lens 
221 by the equations (4) and (5) are indicated in TABLE 5. 
[0099] TABLE 5 

surface #5 (anamorphic aspherical surface) 



K=O.OOE+00 



AMi= 


0 


.00E+00 


ASi= 


8. 


56E-06 


AM 2 = 


0 


.00E+00 


AS 2 = 


-1. 


82E-06 


AM 3 = 


0 


.00E+00 


AS 3 = 


-3. 


44E-09 


AM 4 = 


1 


.88E-07 


AS 4 = 


-9 . 


08E-10 


AM 5 = 


0 


.00E+00 


AS 5 = 


4. 


12E-11 


AM 6 = 


-1 


.87E-12 


AS 6 = 


-3. 


91E-13 


AM 7 = 


0 


.00E+00 


AS 7 = 


-3. 


33E-14 


AM 8 = 


1 


.13E-15 


AS 8 = 


0. 


00E+00 



[0100] The front surface 222a of the compensation lens 
222 is an asperical surface defined by the two-dimensional 
polynomial expression (6). Values of the coefficients 
defining the front surface 222a (#6) of the compensation 
lens 222 by the equation (6) are indicated in TABLE 6. 
[0101] TABLE 6 



surface #6 





n=0 


n«l 


n=2 


n«3 


n=4 


m=0 




1.367E-01 


1.809E-02 


5.971E-06 


-1.710E-06 


m=2 


-8.984E-05 


-2.786E-06 


-4.458E-07 


-2.245E- 
09 


-1.799E-10 


m=4 


1.001E-07 


-2.397E-10 


2.074E-12 


-3.682E- 
13 


-2-984E-14 




-3.700E-12 


3.139E-14 


1.141E-15 


-1.209E- 
16 


0.000E+00 


m=8 


| 5.485E-17 


-1.525E-18 


O.OOOE+00 


0.000E+00 


0.000E+OO 
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[0102] Values of coefficients of the second example 
defining the condition (7) are indicated below. 

H=4 . 00mm 

p=0.0617 radian 

D=-45 . 42mm 

N-l. 48617 

R Z i=- 185 . 60mm 

Rz2=-300mm 

In this case, H/2 (=2.0) < 20D( D-L z ) /L z (=5.02). 
Accordingly, the second example satisfies the condition (7). 
[0103] Rz shown in the TABLE 4 is the radius of 
curvature as to the laser beam which forms a beam spot at 
the image height Y=0. The scanning optical system 102 has 
to satisfy the condition (7) within entire range of image 
height. In the second example, the R Z 2 (the radius of 
curvature of the back surface 221b of the scanning lens 
221) as to the beam which forms the beam spot at the image 
height Y=110 mm is -212.47mm (R Z2 =-212 . 47mm) , and the R zi 
(the radius of curvature of the front surface 221a of the 
scanning lens 221) is constant because the front surface 
221a is a spherical surface. 

[0104] Therefore, as to the laser beam which forms a 
beam spot at the image height Y=110mm, H/2 (=2.0) < 2fiD(D- 
Lz)/Ii Z (=4.49). Accordingly, the second example satisfies 
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the condition (7) within entire range of the image height. 
[0105] Since the second example satisfies the condition 
(7), the undesired beams reflected from the front surface 
221a and the back surface 221b of the scanning lens 221 do 
not impinge on the reflective surface of the polygonal 
mirror 13. Therefore, according to the second example, 
occurrence of a phenomenon in which the undesired beams 
proceed toward the surface S passing through the f8 lens 
220 after reflected from the reflective surface of the 
polygonal mirror 13 is prevented. Accordingly, occurrence 
of ghost images on the surface S to be scanned is prevented. 

(THIRD EXAMPLE) 

[0106] Fig. 8 is a developed view of a scanning optical 
system 103 according to the third example viewed along the 
rotational axis 13a of the polygonal mirror 13. Fig. 9 is a 
developed view of the scanning optical system 103 viewed 
from a line parallel with the main scanning direction. It 
should be noted that in each of Figs . 8 and 9 , optical 
paths of normal beams which are not reflected by surfaces 
of the scanning lens 321 are omitted for the sake of 
simplicity. 

[0107] In the third example, the total focal length of a 
f6 lens 320 is 200 mm, the scanning width is 216 mm, and 
the design wavelength is 780 nm. The thickness H of the 
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polygonal mirror 13 is 4.0 nun, the deflection angle a is 
65°. The incident angle p with respect to the reflective 
surface of the polygonal mirror 13 in the auxiliary 
scanning direction is 2.83° (=0.0494 radian). 
[0108] TABLE 7 indicates a numerical structure of the 
scanning optical system 103 according to the third example 
from the light Incident side of the cylindrical lens 12 to 
the photo conductive drum. Symbols in the TABLE 7 have the 
same meanings as those of the TABLE 1. 
[0109] TABLE 7 

focal length = 200 mm , scanning width = 216 mm 

design wavelength = 780 nm 

angle cc=65° , angle £=2.83° 

Ry Rz d N(780nm) DECZ 



Surface 



#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 



00 
00 
00 

-185.60 
-63.00 
-600.00 
•1800.00 

00 



+51.08 



158.78 
-300.00 



4.00 
97 .00 
45.00 
10.00 
112.50 
5 .00 
82.53 



1.51072 

1.48617 
1.48617 



7 .00 



[0110] As can be seen from TABLE 7, a front surface (#1) 
of the cylindrical lens 12 is a cylindrical surface, and a 
back surface (#2) of the cylindrical surface is a plane 
surface. A back surface 322b (#7) of the compensation lens 
322 is a rotationally symmetrical surface. 
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[0111] A front surface (#4) of the scanning lens 321 is 
a toric aspherical surface. The toric aspherical surface Is 
defined by the equation: 

A-m d/te) y2 ■ amv^aas yi +AM3 y 3 +AM 4 Y* + 

k ' i + Vi-(i^) 2 ^ 2 /^ 2 

AM 5 Y S +AM 6 Y 6 + AM n Y n +AM S Y*~ 

(8) 

where 1/Rz represents a curvature of the toric aspherical 
surface in the auxiliary scanning direction at the optical 
axis, and AMn is an aspherical coefficient of n th order. 
[0112] Values of the coefficient AM n defining the front 
surface 321a (#4) of the scanning lens 321 are as follows. 
The fourth order aspherical coefficient AM 4 = 6.15xl0" 6 . and 
other coefficients are all zero. 

[0113] A back surface of the scanning lens 321 (#5) is 
an anamorphic aspherical surface defined by the equations 
(4) and (5). Values of the coefficients AM n and AS n to 
define the back surface 321b (#5) of the scanning lens 321 
by the equations (4) and (5) are indicated in TABLE 8. 

[0114] TABLE 8 

surface #5 (anamorphic aspherical surface) 
K=0.00E+00 



AMi= 0.00E+00 ASi= 1.01E-05 

AM 2 = 0.00E+00 AS 2 = 3.62E-06 

AM 3 = 0.00E+00 AS 3 = 2.58E-08 

AM 4 = 2.57E-07 AS 4 = -4.35E-09 



33 



9 : 00PM;MATSUOKA & Co. 



Greenblum&Bernstei ; 042372 6858 



AM 5 = 


0. 


OOE+00 


AS 5 = 


-2. 


04E-11 


AM 6 = 


6. 


15E-12 


AS 6 = 


1. 


02E-12 


AM 7 = 


0. 


OOE+00 


AS 7 = 


0. 


OOE+00 


AM 8 = 


-7 . 


02E-15 


AS 8 = 


0. 


OOE+00 


AM 9 = 


0. 


OOE+00 


AS 9 = 


0. 


OOE+00 


AMio= 


-2 


.51E-18 


ASio= 


0 


.OOE+00 



[0115] The front surface 322a of the compensation lens 
322 is an asperical surface defined by the two-dimensional 
polynomial expression (6). Values of the coefficients 
defining the front surface 322a (#6) of the compensation 
lens 322 by the equation (6) are indicated in TABLE 9. 
[0116] TABLE 9 



surface #6 





n=0 


n=l 


n=2 


n=3 


n=4 


m=0 




8.309E-02 


1.841E-02 


1.100E-05 


-1.370E-06 


m=2 


9.415E-06 


-1.086E-06 


-4.587E-07 


-3.826E- 
09 


-1.378E-10 


ra=4 


1.086E-07 


-2.907E-10 


2.363E-12 


-5.060E- 
14 


-2.603E-14 


m=6 


-3.922E-12 


3.501E-14 


9.319E-15 


-8.914E- 
17 


0.OO0E+O0 


m=8 


5.316E-17 


-1.728E-18 


0.00OE+00 


O.OOOE+00 


O.OOOE+00 



[0117] Values of the coefficients of the third example 
defining the condition (7) are indicated below. 

H=4 . 00mm 

(5=0.0494 radian 

D=-42 . 00mm 

R zl =-158.78mm 
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Rz2=- 300mm 

In this case, H/2 (=2.0) < 2pD(D-L z )/L z (=2.75). 
Accordingly, the third example satisfies the condition (7). 
[0118] In the third example, the R Z2 (the radius of 
curvature of the back surface 321b of the scanning lens 
321) as to the beam which forms the beam spot at the image 
height Y=110 mm is -316.13mm ( R Z2 =- 316 . 13mm) , and the R Z i 
(the radius of curvature of the front surface 321a of the 
scanning lens 321) is constant. 

[0119] Therefore, as to the laser beam which forms a 
beam spot at the image height Y=110mm, H/2 (=2.0) < 2pD(D- 
L Z )/L Z (=2.80). Accordingly, the third example satisfies 
the condition (7) within entire range of the image height. 
[0120] Since the third example satisfies the condition 
(7), the undesired beams reflected from the front surface 
321a and the back surface 321b of the scanning lens 321 do 
not impinge on the reflective surface of the polygonal 
mirror 13. Therefore, according to the third example, 
occurrence of the phenomenon in which the undesired beams 
proceed toward the surface S after reflected from the 
polygonal mirror 13 is prevented. Accordingly, occurrence 
of ghost images on the surface S to be scanned is prevented. 
[0121] In addition to the above mentioned configuration 
to prevent occurrence of the ghost images, the scanning 
optical system 103 according to the third example includes 



35 



03- 7-22! 9 : 0 0 PM ; MATSUOKA & Co. 



Greenblum&Bernstei ; 0423726858 



# 3 8/ 7 6 



a shield member 14 which is located between the polygonal 
mirror 13 and the scanning lens 321. The optical path shown 
in Figs . 8 and 9 corresponds to the undesired beam which is 
reflected by the shield member 14 after reflected by the 
scanning lens 321. As shown in Figs. 8 and 9, the undesired 
beam reflected by the shield member 14 impinges on the 
surface S at a position sufficiently away from the position 
at which the normal beam impinges on the surface S. 
Accordingly, the undesired beam reflected by the shield 
member 14 does not make ghost images. By using the shield 
member 14, occurrence of the ghost images is prevented more 
reliably. 

THIRD EMBODIMENT 

[0122] A scanning optical system according to a third 
embodiment of the invention will be described. Since an 
arrangement of optical components in the third embodiment 
is substantially the same as the first embodiment, a 
configuration of the scanning optical system of the third 
embodiment is described with reference to Figs. 1 and 2. 
The feature of the third embodiment is that the undesired 
beam reflected from the front surface 21a of the scanning 
lens 21 passes below a bottom surface of the polygonal 
mirror 13 (see Fig. 10). A detailed explanation of the 
components which do not relate to a configuration for 
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preventing occurrence of ghost images is not repeated. 
[0123] Next, the configuration to prevent occurrence of 
ghost images according to the third embodiment will be 
described in detail with reference to Fig. 10. Fig. 10 is a 
side view of the scanning optical system according to the 
third embodiment illustrating optical paths of undesired 
beams. As shown in Fig. 10, the laser beam reflected by the 
reflective surface of the polygonal mirror 13 is obliquely 
incident on the scanning lens 21 in the auxiliary scanning 
direction. It is appreciated that by selecting appropriate 
values as to the distance D between the reflective surface 
of the polygonal mirror 13 and the scanning lens 21, the 
incident angle (5 which the beam impinging on the reflective 
surface of the polygonal mirror 13 forms with respect to 
the optical axis of the scanning lens 21 in the auxiliary 
scanning direction, and the radius of curvature R zl of the 
front surface 21a of the scanning lens 21, it is possible 
to direct the undesired beam reflected from the surface 21a 
to pass below the bottom surface of the polygonal mirror 13. 
That is, it is possible to direct the undesired beam so as 
not to impinge on the reflective surface of the polygonal 
mirror . 

[0124] More specifically, the scanning optical system 10 
according to the third embodiment is configured to satisfy 
a condition: 
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(9) 

H/2 < -2pD(D-Rzi)/Rzi 
where all coefficients have the same meanings as the first 

embodiment - 

[0125] Hereafter, a concrete example (a fourth example) 
which satisfies the above condition (9) will he described 
in detail. 

(FOURTH EXAMPLE) 

[0126] Fig- 11 is a developed view of a scanning optical 
system 104 according to the fourth example viewed along the 
rotational axis 13a of the polygonal mirror 13. Fig. 12 is 
a developed view of the scanning optical system 104 viewed 
from a line parallel with the main scanning direction. It 
should be noted that in each of Figs. 11 and 12. only an 
optical path of the undesired beam reflected from a surface 
421a of the scanning lens 421 is indicated and optical 
paths of the normal beams which are not reflected by 
surfaces of the scanning lens 421 are omitted for the sake 
of simplicity. 

[0127] in the fourth example, a total focal length of a 
f6 lens 420 is 235 mm, the scanning width is 216 mm, and 
the design wavelength is 780 nm. The thickness H of the 
polygonal mirror 13 is 3.0 mm. the deflection angle a is 
65'. The incident angle 6 with respect to the reflective 
surface of the polygonal mirror 13 in the auxiliary 
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scanning direction is 2.83° (=0.0494 radian). 

[01281 TABLE 10 indicates a numerical structure of the 

scanning optical system 104 according to the fourth example 

from the light incident side of the cylindrical lens 12 to 

the photoconductlve drum. Symbols shown in the TABLE 10 

have the same meanings as those of the TABLE 1. 

[0129] TABLE 10 

focal length = 235 mm . scanning width = 216 mm 
design wavelength = 780 nm 



angle a=65° . angle p=2.83 




-29.75 140.00 

6.00 1.48617 8.00 

90.35 



[0130] 



As can be seen from TABLE 10, a front surface 
(#1) of the cylindrical lens 12 is the cylindrical surface, 
and the back surface (#2) of the cylindrical surface is a 
plane surface. A back surface 422b (#7) of the compensation 
lens 422 is a rotationally symmetrical surface. 
[0131] The front surface 421a (#4) of the scanning lens 
421 is an anamorphic aspherical surface defined by the 
equations (4) and (5). Values of the coefficients AMn and 
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AS n to define the front surface (#4) of the scanning lens 
421 by the equations (4) and (5) are indicated in TABLE 11. 
[0132] TABLE 11 

surface #4 (anamorphic aspherioal surface) 
K=O.OOE+00 . 



AMi= 


0 . 00E+00 


ASi= 


-1.02E-05 


AM 2 = 


O.OOE+00 


AS 2 = 


1.27E-06 


AM 3 = 


0.00E+00 


AS 3 = 


1.27E-08 


AM 4 = 


-1.75E-07 


AS 4 = 


1.28E-08 


AM 5 = 


0 .OOE+00 


AS 5 = 


-4.29E-11 


AM 6 = 


8.39E-11 


AS 6 = 


-2.03E-11 


AM 7 = 


O.OOE+00 


AS 7 = 


3.66E-14 


AM e = 


-2.76E-14 


AS B = 


1.04E-14 



[0133] The back surface 421b (#5) of the scanning lens 

421 is a toric aspherical surface defined by the equation 
(8). Values of the coefficient AM„ defining the back 
surface (#5) of the scanning lens 421 according to the 
fourth example are as follows. The fourth order aspherical 
coefficient AM* = -S.SlxlO" 5 , the sixth order aspherical 
coefficient AM 6 = -8.08x10 s , and the other coefficients are 
all zero. 

[0134] The front surface 422a of the compensation lens 

422 is an aspherical surface defined by the two-dimensional 
polynomial expression (6). Values of the coefficients 
defining the front surface 422a (#6) of the compensation 
lens 422 by the equation (6) are indicated in TABLE 12. 
[0135] TABLE 12 
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surface #6 



Bum 

m=0 



n=0 



n«=l 



7.157E-02 



n=2 



1.541E-02 



n=3 
-2.014E- 



05 



n=4 



•1.939E-06 



m=2 



-1.197E-05 



-1.690E-07 



rn=4 



5.515E-08 



-2.166E-10 



.2.040E-07 
-7.768E-12 



5.072E-10 



-2.385E-10 



1.287E-13 



-3.723E-14 



m=6 



■3.485E-14 



2.623E-14 



1.518E-15 



1.686E- 
16 



0.000E+00 



m=8 



-8.796E-17 



-1.270E-18 



0.0O0E+00 



0.000E+00 



0.000E+00 



[0136] Values of coefficients of the fourth example 
defining the condition (9) are indicated below. 

H=3 . 00mm 

p=0.0494 radian 

D=-54 . 00mm 

R zl =-30 . 0mm 

in this case, H/2 (-1.5) < -2PD(D-R,i)/Rii (=4.27). 

Accordingly, the fourth example satisfies the condition (9). 
[0137] in the fourth example, the R Z1 (the radius of 

curvature of the front surface 421a of the scanning lens 
421) as to the beam which forms the heam spot at the image 
height Y-110 mm is -36.47mm (H.x-36 . 47mm) . Therefore, as 
to the laser beam which forms the beam spot at the image 
height Y-110—. H/2 (=1.5) < -26D(D-S«i> /*zi (=2.56). 
Accordingly, the fourth example satisfies the condition (9) 
within entire range of the image height. 

10138] Since the fourth example satisfies the condition 
(9). the undeslred beam reflected from the front surface 
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421a of the scanning lens 421 does not impinge on the 
reflective surface of the polygonal mirror 13. Therefore , 
according to the fourth example, occurrence of the 
phenomenon in which the undesired beam proceeds toward the 
surface S after reflected from the polygonal mirror 13 is 
prevented. Accordingly, occurrence of ghost images on the 
surface S is prevented. 

FOURTH EMBODIMENT 

[0139] A scanning optical system according to a fourth 
embodiment of the invention will be described. Since an 
arrangement of optical components of the fourth embodiment 
is substantially the same as the first embodiment, a 
configuration of the scanning optical system of the fourth 
embodiment is described with reference to Figs. 1 and 2. 
The feature of the fourth embodiment is that both of the 
front surface 21a and the back surface 21b of the scanning 
lens 21 are configured to prevent occurrence of ghost 
images. A Detailed explanation of the components which do 
not relate to a configuration to prevent occurrence of 
ghost images is not repeated. 

[0140] Next, the configuration to prevent occurrence of 
ghost images according to the fourth embodiment will be 
described in detail with reference to Fig. 10. As shown in 
Fig. 10, the laser beam reflected by the reflective surface 
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of the polygonal mirror 13 is obliquely incident on the 
scanning lens 21 in the auxiliary scanning direction. It is 
appreciated that by selecting appropriate values as to the 
distance D between the reflective surface of the polygonal 
mirror 13 and the scanning lens 21, the incident angle 0 
which the beam impinging on the reflective surface of the 
polygonal mirror 13 forms with respect to the optical axis 
of the scanning lens 21 in the auxiliary scanning direction, 
and radii of curvature R 21 of the front surface 21a and R Z2 
of the back surface 21b of the scanning lens 21. it is 
possible to direct both of the undesired beams reflected 
from the surface 21a and the surface 21b to pass below the 
bottom surface of the polygonal mirror 13. That is. it is 
possible to direct the undesired beams so as not to impinge 
on the reflective surface of the polygonal mirror 13. 
[01411 More specifically, the scanning optical system 10 
according to the fourth embodiment is configured to satisfy 
a condition: 

H/2 < -2pD(D-L z )/Lz 

Lz =R zl R 22 D/(2NRz 1 D-2(N-l)Rz 2 D-RziR 2 2) ^ 10) 
where all coefficients have the same meanings as those of 
the condition ( 7 ) . 

[0142] Hereafter, a concrete example (a fifth example) 
which satisfies the above condition (10) will be described 
in detail - 
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FIFTH EXAMPLE 

[0143] Fig. 13 is a developed view of a scanning optical 
system 105 according to the fifth example viewed along the 
rotational axis 13a of the polygonal mirror 13. Fig- 14 is 
a developed view of the scanning optical system 105 viewed 
from a line parallel with the main scanning direction. It 
should be noted that in each of Figs. 13 and 14, only an 
optical path of the undesired beam reflected from a surface 
521b of a scanning lens 521 is indicated, and optical paths 
of normal beams whioh are not reflected by surfaces of the 
scanning lens-521 are omitted for the saxe of simplicity. 
[0 144] in the fifth example, the total focal length of a 
f 0 lens 520 is 200 mm, the scanning width is 216 mm, and 
the design wavelength is 780 nm. The thickness H of the 
polygonal mirror 13 is 3.0 mm. the deflection angle a is 
65°. The incident angle P with respect to the reflective 
surface of the polygonal mirror 13 in the auxiliary 
scanning direction is 3.83° (=0.0494 radian). 
[0145] TABLE 13 indicates a numerical structure of the 
scanning optical system 105 according to the fifth example 
from the light incident side of the cylindrical lens 12 to 
the surface S. Symbols in the TABLE 13 have the same 
meanings as those of the TABLE 1 . 
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[0146] TABLE 13 

focal length = 200 mm , scanning width =216 
design wavelength = 780 nm 
angle a=65° , angle p=3.83° 



mm 



Surface 


Ry 


. Rz 


d 


#1 


00 


+51.08 


4 .00 


#2 


00 




97 .00 


#3 


00 




42.00 


#4 


-185.60 


-42.09 


10.00 


#5 


-63.00 


-35.00 


112.5 


#6 


-600 .00 




5.00 


#7 


-1800.00 




82.53 


#8 


00 







N(780nm) DECZ 



1.51072 

1.48617 
1.48617 



7.00 



[0147] As can be seen from TABLE 13, the front surface 
(#1) of the cylindrical lens 12 is a cylindrical surface, 
and the back surface (#2) of the cylindrical surface is a 
plane surface. A back surface 522b (#7) of the compensation 
lens 522 is a rotationally symmetrical surface. The front 
surface (#4) of the scanning lens 521 is a toric surface. 
[0148] The back surface of the scanning lens 521 (#5) is 
an anamorphic aspherical surface defined by the equations 
(4) and (5). Values of the coefficients AM n and AS n to 
define the back surface (#5) of the scanning lens 21 by the 
equations (4) and (5) are Indicated in TABLE 14. 



[0149] TABLE 14 

surface #5 (anamorphic aspherical surface) 
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# 4 



K=0 .OOE+OO 



AMi= 

AM 2 = 

AM 3 = 

AM 4 = 

AM 5 = 

AM 6 = 

AM 7 = 

AM 8 = 

AM 9 = 

AM 10 = 



0. OOE+OO 
0. OOE+OO 
0. OOE+OO 
2.22E-07 
0. OOE+OO 

-4.09E-12 
0. OOE+OO 

-6.11E-15 
0. OOE+OO 
2.89E-18 



ASi= 
AS 2 = 
AS 3 = 
AS 4 = 
AS 5 = 
AS 6 = 
AS 7 = 
AS 8 = 
AS 9 = 
AS io= 



9.13E-06 
-3.08E-06 
1.52E-08 
-7.84E-09 
-8.62E-12 
-3.08E-12 
0. OOE+OO 
0. OOE+OO 
0. OOE+OO 
0. OOE+OO 



[0150] The front surface 522a of the compensation lens 
522 is an asperical surface defined by the two-dimensional 
polynomial expression (6). Values of the coefficients 
defining the front surface 522a (#6) of the compensation 
lens 522 by the equation (6) are indicated in TABLE 15. 



[0151] TABLE 15 





n-0 


n=l 


n=2 


11=3 


n=4 


m=0 




7.959E-02 


1.817E-02 


1.527E-05 


-1.384E-06 


m=2 


3.H5E-06 


-6.728E-07 


-4.277E-07 


-5.186E- 
09 


-1.394E-10 


m=4 


1.133E-07 


-3.366E-10 


-6.468E-13 


-4.109E- 
14 


-2.625E-14 


m=6 


-4.778E-12 


3.902E-14 


1.295E-15 


-9.152E- 
17 


0.000E+00 


m=8 


1.088E-16 


-1.614E-18 


O.OOOE+00 


0.000E+00 


O.OOOE+00 



[0152] Values of coefficients of the fifth example 
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defining the condition (10) are indicated below. 
H=3 . 00mm 
0=0.0494 radian 
D=-42 . 00mm 
N-l. 48617 
R zl =-42.9mm 
R Z2 =-35.00mm 

in this case, H/2 (-1.5) < -2f>D(D-L z ) /U (-1.68). 
Accordingly, the fifth example satisfies the condition (10). 
[0153] In the fifth example, the R z2 (the radius of 
curvature of the back surface 521b of the scanning lens 
521) as to the beam which forms the beam spot at the image 
height Y-110 mm is -33.00mm (R 22 =-33 . 00mm) . Therefore, as 
to the laser beam which forms the beam spot at the image 
height Y=110mm, H/2 (-1.5) < -2|5D(D-L Z ) /L 2 (=2.27). 
Accordingly, the fifth example satisfies the condition (10) 
within entire range of the image height. 

[0154] Since the fifth example satisfies the condition 
(10). the undesired beams reflected from the front surface 
521a and the back surface 521b of the scanning lens 521 do 
not impinge on the reflective surface of the polygonal 
mirror 13. Therefore, according to the fifth example, 
occurrence of the phenomenon in which the undesired beams 
proceed toward the surface S after reflected from the 
polygonal mirror 13 is prevented. Accordingly, occurrence 
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of ghost images on the surface S is prevented. 
[0155] In order to clarify advantages of the above 
mentioned first through fifth embodiments of the invention, 
hereafter, two comparison examples which do not satisfy the 
conditions (1) and (2) will be described. 

H/2 < |2PD(D-R Z i)/Rzi| {1) 
H/2 < |2PD(D-L Z )/L Z | < 2) 
It should be noted that the condition (1) corresponds to a 
combination of the conditions (3) and (9) . and that the 
condition (2) corresponds to a combination of the 
conditions (7) and (10). 

(FIRST COMPARISON EXAMPLE) 

[0156] Fig. 15 is a developed view of a scanning optical 
system 106 according to a first comparison example viewed 
along the rotational axis 13a of the polygonal mirror 13. 
Fig. 16 is a developed view of the scanning optical system 
106 viewed from a line parallel with the main scanning 
direction. It should be noted that in each of Figs. 15 and 
16. only an optical path of the undesired beam reflected 
from a surface 621a of a scanning lens 621 is indicated and 
optical paths of the normal beams which are not reflected 
by surfaces of the scanning lens 621 are omitted for the 
sake of simplicity. 

[0157] in the first comparison example, the total focal 
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length of a f6 lens 620 Is 235 mm. the scanning width is 
216 and the design wavelength Is 780 nm. The thlcKness 
„ of the polygonal mirror 13 is 3.0 mm. the deflection 
angle « is 65". The incident angle p with respect to the 
reflective surface of the polygcnal mirror 13 in the 
auxiliary scanning direction is 0.95' ,=0.0166 radian,. 
,0158] TABLE 16 indicates a numerical structure of the 
scanning optical system 10 acccrding to the first 
comparison example frcm the light incident side of the 
cylindrical lens 12 to the surface S. Symbols shown in the 
TABLE 16 have the same meanings as those of the TABLE 1. 

[0159] TABLE 16 

focal length - 235 mm , scanning width = 216 mm 
design wavelength = 780 nm 
angle a=75° . angle §=0.95° 



Surface 


RY 


Rz 


#1 


00 


+51.08 


#2 


00 




#3 


00 




#4 


-184.70 




#5 


-70.53 


-100.00 


#6 


-817.63 




#7 


-1800.00 




#8 


00 





d N(780nm) DECZ 
4.00 1.51072 
97.00 
54.00 

10.00 1.48617 
140.00 

6.00 1.48617 3.00 

91.20 



,0160, As can he seen from TABLE 16, the front surface 
(# 1, cf the cylindrical lens 12 is a cylindrical surface. 
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and the back surface (#2) of the cylindrical surface is a 
plane surface. The front surface (#4) of the scanning lens 

621 and the back surface 622b (#7) of the compensation lens 

622 are rotationally symmetrical surfaces. 

[0161] The back surface 621b (#5) of the scanning lens 
621 is an anamorphic aspherical surface defined by the 
equations (4) and (5). Values of the coefficients AM n and 
AS n to define the back surface (#5) of the scanning lens 

(A) and (5) are indicated in TABLE 17. 
621 by the equations (4) ana ia> 

[0162] TABLE 17 

surface #5 (anamorphic aspherical surface) 
K=0 .00E+00 



AMi= 0.00E+00 ASi- 8.16E-06 

AM 2 = 0.0OE+O0 AS 2 = 5.7 3E-07 

AM 3 = 0.00E+00 AS 3 = -1.80B-08 

AM 4 = 1.24E-07 AS 4 = -7.26E-09 

AM 5 = 0.00E+00 AS 5 = 5.25E-11 

AM 6 = -9.74E-12 AS 6 = 1.02E-11 

AM 7 = O.OOE+00 AS 7 = -3.63E-14 

AM 6 = 6.78E-15 AS 8 = -5.24E-15 



[0163] The front surface 622a of the compensation lens 
622 is an aspherical surface defined by the two-dimensional 
polynomial expression (6). Values of the coefficients 
defining the front surface 622a (#6) of the compensation 
!ens 622 by the equation (6) are indicated in TABLE 18. 
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[0164] TABLE 18 

surface #6 




l0 16S] values of coefficients of the first comparison 
example defining the condition (1) are indicated below. 

H=3 . 00mm 

P=0.0166 radian 

D=-54 . 00mm 

R zl =-184.70mm 

in this case. H/2 (=1.5) > |2pD(D-H.i)/lU.| (-1.27). 
Accordingly, the first comparison example does not satisfy 
the condition (1). 

101*61 Since the first comparison example does not 
satisfies the condition (1). the undesired beam reflected 
from the front surface 621a of the scanning lens 621 
impinges on the polygonal mirror 13. and is reflected by 
the polygonal mirror 13. and then passes through the f8 
Xens 620 (see Figs. IB and 16). Consequently, the undesired 
team makes ghost images on the surface S. 
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(SECOND COMPARISON EXAMPLE) 

,0167! I*. » « * a - 6lOPed ^ ° f * SCannln9 OPtlMl 
system 107 accord to a second comparison example viewed 

along the rotational axis 13a of the polygonal mirror 13. 

Flg 18 is a developed view of the scanning optical system 

107 viewed from a line parellel with the main scanning 

18. only an optical path of the undesired .earn reflected 
from a back surface 721b of a scanning lens 721 Is 
indicated and optical paths of the normal beams which are 
not reflected by the surfaces of the scanning lens 721 are 
omitted for the sate of simplicity. 

,0188, m the second comparison example, the total focal 
length of a f9 lens 720 is 200 mm. the scanning width is 
2 1« and the design wavelength is 780 nm. The thickness 
H of the polygonal mirror 13 is 4.0 mm. the deflection 
«U a is The incident angle . with respect to the 

* ^ «-f the oolygonal mirror 13 In the 
reflective surface of tne poxyswi 

auxiliary scanning direction is 2.83' <-0.04,4 radian,. 
,.«„ TABLE 19 indicates a numerical structure of the 
scanning optical system 107 according to the second 
prison example from the light incident side of the 
cylindrical lens 12 to the surface S. symbols shown in the 
TABLE 19 have the same meanings as those of the TABLE 1. 
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[0170] TABLE 19 

focal length = 200 mm . scanning width = 216 mm 
design wavelength = 780 nm 
angle cc=65° , angle p=2.83° 



DECZ 




[0 1711 As can be seen from TABLE 19. the front surfaoe 
(#1, of the cylindrical lens 12 Is a cylindrical surface. 
a„ a the bac* surface («2> of the cylindrical surface Is a 
pl ane surface. The front surface 721a (#4, of the scanning 
lens 721 and a bade surface 722b (#7) of a compensation 
lens 722 are rotatlonally symmetrical surfaces. 
t0 17 21 The back surface (#5) of the scanning lens 721 Is 
an anamorphlc aspherlcal surface defined by the equations 
(4) and (5). Values of the coefficients AM. and AS„ to 
define the bacH surface (#5) of the scanning lens 721 by 
the equations (4) and (5) are indicated In TABLE 20. 



[0173] 



TABLE 20 
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# 56/ 76 



surface #5 ( anamorphic aspherical 


K=0. OOE+OO 






O.OOE+OO 


ASi= l.HE-05 


AM 2 = 


O.OOE+00 


AS 2 = 2.23E-06 


AM 3 = 


O.OOE+OO 


AS 3 = 1.89E-08 


AM 4 = 


2.19E-07 


AS 4 = -8.32E-09 


AM 5 = 


0. OOE+OO 


AS S = -1.51E-11 


AM 6 = 


-1.92E-12 


AS 6 = 2.49E-11 


AM 7 = 


O.OOE+OO 


AS 7 = O.OOE+OO 


AM 8 = 


1.38E-15 


AS 8 = O.OOE+OO 


AM 9 = 


O.OOE+OO 


AS 9 = O.OOE+OO 


AMi 0 = 


-3.29E-18 


ASio= 0 . OOE+OO 



[0174] The front surface 722a of the compensation lens 
722 is an aspherical surface defined by the two-dimensional 
polynomial expression (6). Values of the coefficients 
defining the front surface 722a (#6) of the compensation 
lens 722 by the equation (6) are indicated in TABLE 21. 

[0175] TABLE 21 





n=0 


n=l 


n=2 


n=3 


n=4 


Bmn 

m=0 




8.484E-02 


1.853E-02 


1.100E-05 


-1.370E-06 


m=2 


1.018E-05 


-9.633E-07 


-4.347E-07 


-3.826E- 
09 


-1. 378E-10 


m=4 


1.095E-07 


-3.323E-10 


-2.867E-12 


-5.060E- 
14 


-2.603E-14 


m=6 


-3.913E-12 


3.286E-14 


1.368E-15 


-8.914E- 
17 


0. OOOE+00 


m=8 


3.966E-17 


-9.911E-19 


0 . OOOE+00 


0. OOOE+00 


0. 000E+00 
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[0176] values of coefficients of the second comparison 
example defining the condition (2) are indicated below. 

H=4 . 00mm 

(5=0.0494 radian 

D=-42 . 00mm 

N=l. 48617 

R Z1 =-185 . 60mm 

R Z2 =-100 . 00mm 
In this case, H/2 (=2.0) < | 2pD(D-L z ) /L z | ( = 2.02). 
Accordingly, the second comparison example satisfies the 
condition (2). However, the value -100.00mm of the R Z z is a 
radius of curvature at the image height Y=0 (i.e., at the 
optical axis of the scanning lens 721). 

[0177] In the second comparison example, the Rz2 (the 
radius of curvature of the back surface 721b of the 
scanning lens 721) as to the beam which forms the beam spot 
at the image height Y=110 mm is -79.86mm (R 2 2=-79 . 86mm) . 
Therefore, as to the image height Y=110mm, H/2 (=2.0) > 
|2pD(D-L z )/L 2 | (=1.36). Accordingly, the second comparison 
example does not satisfy the condition (2). 
[0178] Since the second comparison example does not 
satisfy the condition (2), the undesired beam reflected 
from the back surface 721b of the scanning lens 721 
impinges on the polygonal mirror 13, and is reflected by 
the polygonal mirror 13, and then passes through the f9 
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lens 720 (see Figs. 17 and 18). Consequently, the undesired 
beam makes ghost images on the surface S. 

[0179] As described above, according to the embodiments 
of the invention, occurrence of the ghost images is 
prevented. There is no necessity to employ imaging lenses 
Having antiref lectlve coatings to prevent occurrence of the 
ghost images. Further, according to the embodiments of the 
invention, an imaging lens made of plastic can be employed. 
Accordingly, manufacturing cost of the scanning optical 
system can be reduced. 

[0180] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. P2002- 
214380. filed on July 23, 2002. which is expressly 
incorporated herein by reference in its entirety. 
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